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Differential  localization,  of  MAP-2  and  tau  in 
mammalian  neurons,  145-66 
Digitonin  permeabilized  cells,  898-902 
Directional  migration,  tubulozole  effects  on, 
763-66 

Disassembly,  differential  sensitivity  of  micro¬ 
tubules  to,  781 

Disruption  of  tubulin  C  genes,  15 
DNA 

initiation  of  synthesis  of,  microtubule 
assembly  and,  919-32 
sequencing  of,  in  tubulin  heterogeneity 
determination,  19 

DNase  I  sensitivity,  tissue  specific,  of  RBT2 
gene,  43-46 

Dogfish  brain,  microtubule-associated  proteins 
of,  440-43 

Double  isotope  procedure,  in  microtubule  end 
labeling,  690 

Double  labeling  protocol,  error  analysis  in, 
704-7 

Drosophilia,  200 
Drugs 

cellular  resistance  to,  microtubule  assembly 
and,  745-56 

changes  in  microtubule  arrangements  under 
influence  of,  775-79 

microtubule  assembly  inhibition  and,  726- 
30 

plant  microtubule  disassembly  by,  767-84 
resistance  to,  as  codominant  trait,  751-54 
Dynein 

binding  to  axonemal  microtubules  by,  277 
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Dynein  (Continued) 
cytoplasmic,  278-79 

cytoplasmic  and  flagellar  compared,  by  one¬ 
dimensional  peptide  mapping,  447- 
48 

cytoplasmic  microtubule  translocators, 
275-91 
flagellar,  286-87 

as  microtubule-associated  protein,  269-74 
mitosis  and,  279-8 1 
properties  of,  276-78 

£cology,  of  microtubules,  5-6 
Egg  cytoplasmic  ATPases,  sea  urchin,  micro¬ 
tubule  functions  and,  431-35 
Egg  tubulin,  sea  urchin,  mechanism  of 
assembly  of,  529-42 
Electron  microscopy 

antibody  disruption  of  microtubules  shown 
by,  647 

egg  tubulin  analyzed  using,  531 
Electrophoresis 

cell  membrane  analysis  by,  737 
egg  tubulin  analyzed  using,  531 
Electrophoretic  ability,  phosphorylation  effect 
on,  185 

Electrophoretic  mobilities,  tubulin  recognition 
and,  10 
ELISA,  147 

Embryos,  mouse,  microtubules  in,  945-48 
Endocrine  pancreas,  microtubule-secretory 
granule  complexes  isolated  from, 
813-31 

Endosperm  spindles,  microtubule  arrange¬ 
ments  in,  771-72 

Enzyme-linked  immunosorbent  assay,  147 
Equilibrium  chromatography,  tubulin  molecu¬ 
lar  weight  analyzed  by,  631-34 
Erythrocytes 

beta  tubulin  in,  determination  of  antibody 
specificity  for,  105 

marginal  bands  of,  proteins  associated  with, 
444—46 
Erythrophores 

permeabilized  live,  perfusion  studies  of, 
905-6 

“resolute”  transport  in,  895-908 
Estramustine  phosphate,  microtubule  as¬ 
sembly  inhibited  by,  423-25 
Eukaryotic  cells,  importance  of  microtubules 
to  life  of,  6 

Extracellular  matrix  protein,  microtubule- 
associated  proteins  immunologically 
related  to,  195 

Fertilization,  mammalian,  arrest  of,  945-48 
Fibroblasts,  rat,  microinjection  of  tau  protein 
into,  261 


Filaments 

actin,  interaction  of,  803-12 
neuro-  and  vimetin  compared,  142 
neuronal  intermediate,  microtubule  interac¬ 
tion  with,  798-802 

Filter  assay,  in  determination  of  microtubule 
radioactive  regions,  307-8 
Fluorescence  microscopy,  methodical  defini¬ 
tion  of,  566 

Flux  data,  steady  state,  analysis  and  interpre¬ 
tation  of,  693-98 

FRAP  technique,  microtubule  dynamics  stud¬ 
ied  with  581-87 

Free  intracellular  calcium  concentrations,  dur¬ 
ing  mitosis,  385-88 
Fusion,  in  vitro  microtubule,  109 

Cjanglia,  squid  optic,  microtubule-associated 
proteins  of,  440-43 

Gelation  contraction,  of  microtubules  in 
vitro.656-59 

Genes 

alpha-tubulin,  interspecies  homology  of,  32- 
35 

beta  tubulin,  cloning  of,  13 
coding  of,  alpha-tubulin  identification  and, 
35 

intervening  sequences  in,  24-25 
RBT2,  tissue-specific  DNase  I  sensitivity  of, 
43-46 

regulation  of,  reconstruction  of,  75-88 
tubulin,  transformation  with,  14-15 
tubulin  structure  of,  18-30 
Glial  cells,  56 
Golgi  cells,  56 

Granule  cell  proliferation,  maximal  point  of,  in 
rat  cerebellum  development,  56 
Granule  complexes,  microtubule-secretory, 
isolation  of,  8 1 3-3 1 

Granule  movement,  reactivation  of,  823 
Gray  matter,  isoelectric  focusing  of  tubulin 
from,  230-31 

Gray  matter  microtubule  protein,  preparation 
of,  221 

GTP 

concentration  of 
linear  concentration  and,  350-51 
microtubule  assembly  as  function  of, 
345-48 

microtubule  assembly  association  rate 
constant  modulat^  by,  639-41 
hydrolysis  of 

involvement  in  tubulin  polymerization 
mechanism  by,  496-509 
site  of,  510-18 
at  steady  state,  506-7 

model  for  polymerization  in  presence  of, 
507-8 
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steady  state  in,  monomer-polymer  exchange 
and,  505-6 

GTPase,  location  of  site  of,  514-17 
GTP/guanosine  diphosphate  occupancy,  of 
oligomers,  340-56 
Guanosine  triphosphate,  see  GTP 
Guinea  pigs,  optic  nerve  of,  tubulin  in,  201 

H aemanthus  katherinae  Baker,  386 
Heat,  as  probe  of  centrosomal  function,  865 
Heterogeneity 

in  nonneuronal  tissues,  121-25 
in  vertebrate  brain  tubulin,  1 16-21 
High  viscosity  network,  reconsititution  of, 
from  purified  components,  806-9 
Homology 

in  chorda te  brain  tubulins,  9-1 1 
interspecies,  of  alpha-tubulin  genes,  32-35 
Hormones 

thyroid,  tubulin  polymerizing  activity  im¬ 
paired  by  lack  of,  242 

Human  cutaneous  leishmaniasis,  Leishmania 
mexicana  as  causative  agent  for,  129 
Hybridization 
studies  of.  In  riru,35-36 
of  tubulin  mRNA,  in  brain  cells,  61-70 
Hydrolysis,  GTP 
site  of,  510-18 
at  steady  state,  506-7 
tubulin  polymerization  and,  496-509 
Hydrophobic  interactions  of  tubulin,  626-30 
Hydrophobic  ligands,  98-100 

Immunohistochemical  procedures,  microtu¬ 
bule-associated  proteins  and,  147-48 
Immunoreactivity,  phosphatase  treatment  in 
abolishment  of,  microtubule-asso¬ 
ciated  proteins  and,  142 
initiation  factors,  rate  limiting  of,  isotype  syn¬ 
thesis  and,  52-53 

Interphase  cells,  microinjection  of  calmodulin 
into,  376-85 

Intracellular  cyclic  AMP,  neuronal  differen¬ 
tiation  mimicking  and,  56 
Intracellular  motility,  microtubule-dependent, 
nanometer  particle  video  ultramicros¬ 
copy  investigations  of,  666-68 
Isoelectric  focusing,  221 
Isotypes 

rat  alpha-tubulin,  isolation  and  characteri¬ 
zation  of,  31-40 

in  vitro  synthesis  of,  independent  regulation 
and,  52 

ICeratocytes,  locomotion  of,  868-71 
Kidneys,  tubulin  isolated  from,  subspecies 
composition  of,  125 
Kinesin,  917 


Kinetic  parameters,  of  microtubule  assembly, 
modulation  of,  340-56 
Kinetochores 

monoclonal  antibodies  in  labeling  of,  294- 
97 

tubulin  assembly  nucleated  by,  593 

Lamellar  cell  fragments,  872 
Leishmania  mexicana,  tubulin  mRNA 
changes  during  differentiation  of, 
129-33 

Length  fluctuations,  monomer-polymer  ex¬ 
change  and,  at  steady  state  in  GTP, 
505-6 

Leukemic  cells,  membrane  tubulin  receptors 
in,  846 

Leukocytes,  blood  polymorphonuclear,  micro¬ 
tubule  function  in,  858-66 
Ligands,  hydrophobic,  98-100 
Linear  condensation,  MAP-2  phosphorylation 
and  GTP  concentration  and,  350-51 
Liquid  chromatography,  purification  of  tubu¬ 
lin  by,  622-25 

Liver,  tubulin  isolated  from,  subspecies  com¬ 
position  of,  125 

Lys  394,  microtubule  assembly  role  of,  467- 
81 

Lysed-cell  models,  microtubule  assembly-dis¬ 
assembly  in,  593-608 

IN^alignant  neoplasms,  760-63 
MAPs,  see  Microtubule-associated  proteins 
Marginal  bands 

erythrocyte,  proteins  associated  with,  444- 
46 

microtubules  in,  324-26 
Maytansine,  vinblastine  interaction  with,  with 
tubulin,  718-32 

Membrane  skeletal  proteins,  association  of 
microtubules  with,  843-45 
Membrane  tubulin,  832-42 
Metazoan  tubulin,  11-12 
Methionine,  conversion  products  of,  473 
Methylation,  reductive,  468 
Microdensitometer,  in  analysis  of  spatial  orga¬ 
nization  of  microtubule-associated 
proteins,  417-19 

Micrographs,  two-dimensional  sheets  analyzed 
using,  553 

Microheterogeneity,  in  neuronal  and  nonneu¬ 
ronal  cells,  180-98 

Microinjection,  tubulin  levels  elevated  by,  new 
tubulin  synthesis  suppression  and, 
77-80 

Microtubular  cytoskeleton,  calcium  and  cal¬ 
modulin  in  regulation  of,  375-91 


972 


ANNALS  NEW  YORK  ACADEMY  OF  SOENCES 


Microtubule  assembly 
association  rate  constant  for,  GTP  concen¬ 
tration  in  modulation  of,  639-41 
changes  in  extent  of,  DNA  synthesis  initia¬ 
tion  regulated  by,  919-32 
dideoxyguanosine  nucleotides  and,  635-38 
drugs  in  inhibition  of,  726-30 
estramustine  phosphate  inhibition  of,  423- 
25 

as  function  of  GTP  concentration,  345-48 
kinetic  and  steady  state  analysis  of,  543-5 1 
kinetics  for,  GTP  hydrolysis  and,  511-12 
Lys  394  role  in,  467-8 1 
in  lysed-cell  models,  593-608 
MAP-2  phosphorylation  effects  on,  343-45 
metabolic  factors  governing  dynamics  of, 
519-28 

as  nonhelical  process,  652 
nucleation  of,  552-65 
rings  in,  562-65 

synchrotron  X-ray  scattering  and  cryoelec- 
tron  microscopy  in  study  of,  650-55 
tubulin-colchicine  complex  polymerization 
and, 685-88 

Microtubule  disruption,  fluorescence  bleach¬ 
ing  as  control  for,  573 

Microtubule  dynamics,  steady  state,  direct 
visualization  of,  664-65 
Microtubule  organelles,  associated  proteins 
and  formation  of,  324-26 
Microtubule  polymerization  assay,  221 
Microtubule  protein,  cycled,  purification  of 
MAP-2  and  tau  from,  222 
Microtubule  protein  purification,  146 
Microtubule-associated  proteins 
age-related  modifications  of,  420-22 
axonal,  within  neurons,  209-12 
binding  characteristics  of,  138 
binding  of,  on  brain,  218-39 
binding  sites  of 

nonrandom  distribution  of  tubulin  iso¬ 
types  in  determination  of,  236-38 
on  in  vitro  microtubules,  227-30 
calcium  sensitivity  of,  in  presence  of  calmo¬ 
dulin,  392-409 

cellular  and  subcellular  distribution  of,  137- 
38 

cellular  distribution  of,  in  adult  brain,  170 
chemical  characterization  of,  167 
comparison  of  types  of,  134-35 
cultured  cell,  191-93 

cytological  distribution  of,  developmental 
changes  in,  173 

cytotypic  variation  in,  199-217 
definition  of,  218 
in  developing  brain,  167-79 
differential  localization  of,  in  mammalian 
neurons,  145-66 


differential  structure  and  distribution  of, 
134-44 

displacement  experiments  for,  220 
of  dogfish  brain  and  squid  optic  ganglia, 
440-43 

expression  in  brain  of,  developmental 
changes  in,  170-73 
functional  knowledge  of,  173 
gene-coding  in,  1 

heat-stable,  in  sea  urchin  eggs,  333-35 
heterogeneity  of 

within  neurons,  209-12 
proteolytic  fragments  and,  167-68 
immunological  relationship  to  extracellular 
matrix  proteins,  195 

immunoreactive  presence  in  sea  urchin 
microtubules  of,  335-37 
microtubule  assembly  bound  to,  inhibition 
by  estramustine  phosphate  of,  423- 
25 

mitotic,  isolation  from  sea  urchin  eggs  of, 
328-39 

molecular  aspects  of,  180-98 
multiplicity  of,  142-44 
of  neurons,  variations  in,  206-12 
novel  species  of,  1 69 
papain  cleavage  of,  146-47 
peripheral  nerve  distribution  of,  189-91 
phosphorylated  form  of,  antibody  reaction 
with,  142 

phosphorylation  at  distinct  sites  of,  by  AMP 
dependent  kinases,  457-59 
phosphorylation  effects  on,  actin  filament- 
microtubule  cross-linking  and,  809 
phosphorylation  of,  microtubule-associated 
AMP  and  calmodulin-dependent  ki¬ 
nase  separation  and,  449-52 
presumptive,  and  “cold  stable”  microtu¬ 
bules,  436-39 

protein  molecular  weight  of,  392 
purification  of,  220 
in  situ  analysis  of,  322-27 
solubility  properties  of,  taxol  treatment  and 
alteration  of,  426-28 
spatial  arrangements  of,  189 
spatial  organization  analysis  of,  417-19 
specificity  of,  323-24 

stimulation  of  microtubule  polymerization 
by,  394 

subcomponents  of  various  types  of,  182 
superlattice  of,  helical  nature  of,  226 
in  vitro  isolation  versus  in  vivo  function, 
410-12 
Microtubules 

assembly  and  growth  control  in,  37 
automaton  model  of  dynamic  organization 
in,  949-52 

axonal  transport  of,  199-217 
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calcium  sensitivity  of,  395-97 
calmodulin-binding  proteins  in,  362-64 
in  cells,  factors  regulating  presence  of,  1-7 
cellular  function  participation  of,  75 
components  of,  analyzing  pools  of,  324 
definition  of,  1 

elongation  of,  GTP-tubulin  concentration 
and, 500-505 
ends  of,  definition  of,  704 
MAP-2  saturated,  ultrastructural  analysis 
of,  222-27 

MAP-4  distribution  on,  293-99 
nucleation  of,  effect  of  calcium  and  calmo¬ 
dulin  on,  401-4 
in  situ  analysis  of,  322-23 
tau  association  with,  biochemical  demon¬ 
stration  with,  261-63 
tau  dependency  on  interaction  with,  263 
tubulozole  as  inhibitor  of,  757-66 
in  vitro  situated,  MAP-2  and  tau  binding 
sites  on,  227-30 

Mitochondrial  localization,  of  microtubule- 
related  protein,  854-57 

Mitosis 

animal,  drug  effects  on,  779 
dynein  and,  279-81 

free  intracellular  calcium  concentrations 
during,  385-88 

microtubule  dynamics  and  mechanism  of, 
implications  for,  587-90 
microtubule  turnover  in,  mechanisms  for, 
575-76 

Mitotic  apparatus,  320 
Mitotic  spindles 

exogenous  tubulin  in,  incorporation  and 
turnover  of,  674-75 

mammalian,  tubulin  and  calmodulin  dy¬ 
namics  in,  566-79 
microtubule  dynamics  in,  580-92 
microtubule  polymerization  at,  375 
Molecular  weight,  of  microtubule-associated 
proteins,  135-37 
Monoclonal  antibodies 
against  erythrophore  cytomatrix  proteins, 
904 

against  microtubule-associated  proteins, 
210 

digitonin-permeabilized  cells  and,  902-4 
immunological  approach  with,  tau  micro- 
heterogeneity  and,  240-56 
kinetochores  and  centrosomes  labeled  by, 
294-97 

microinjection  of,  into  cultured  cells,  609- 
21 

Monomer-polymer  exchange,  microtubule 
length  fluctuations  and,  at  steady 
state  in  GTP,  505-6 
Morphology,  marginal-band,  324-26 


Motility 

basic  mechanism  of,  317-18 
microtubule-mediated  intracellular  pH  shift 
and,  940-44 

reticulopodial  surface,  933-35 
Mouse  organs,  tau  distribution  in,  257-59 
Mouse  tissues,  MAP-4  distribution  in,  292- 
305 

mRNA  (see  RNA) 

Mutants 

colcemid-resistant,  taxol  sensitivity  and, 
750-51 
microtubule 

drug  resistance  mechanism  in,  754-56 
growth  and,  747-50 
subunits  of,  drug  resistance  and,  751 
Mutation  rate  of  animal  tubulins,  1 1-12 
Mutations,  ultraviolet-induced,  asexual  sporu- 
lation  and  tubulin  production  af¬ 
fected  by,  13-17 

^Janometer  partical  video 
ultramicroscopy,  intracellular  motility  in¬ 
vestigated  using,  666-68 
Neoplasms,  malignant,  760-63 
Nerve  cells,  differentiation  of,  cytoskeletal  ele¬ 
ments  and,  41 
Nervous  system 
microtubule  function  in,  240 
microtubule  involvement  in,  3 1 
tau  localization  in,  164 
tubulin  mRNA  in,  quantitation  and  local¬ 
ization  of,  51-74 
Neurite  microtubules,  41 
Neurites 

MAP-2  containing,  in  mouse  neuroblastoma 
cells,  429-30 

outgrowth  of,  microtubule-microfilament 
interactions  during,  849-53 
Neuroblastoma  cells 

MAP-2  containing  neurites  in,  429-30 
mouse,  differential  regulation  of  tubulin 
RNA  in,  51-56 
Neurofilaments 

enrichment  of  CaM  kinase  II  in,  365-67 
microtubule  interaction  with,  520-24 
vimentin  filament  relationship  to,  142 
Neuronal  adenylate  cyclase,  regulation  of, 
794-97 
Neuronal  cells 

microheterogeneity  in,  180-98 
microtubules  as  component  of,  51 
Neuronal  cytoskeleton 

microtubules  as  major  constituent  of,  145 
responsibilities  of,  357 

Neuronal  intermediate  filaments,  microtubule 
interaction  with,  798-802 
Neuronal  system,  STOP  proteins  and,  318-20 
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Neurons 

cerebellar,  tubulin  RNA  presence  in,  70-73 
heterogeneity  of  microtubule-associated 
proteins  within,  209-12 
mammalian,  differential  localization  of 
microtubule-associated  proteins  in, 
145-66 

microtubule-associated  protein  composition 
between,  208 

microtubule-associated  proteins  of,  taxol 
treatment  alteration  of  solubility 
properties  of,  426-28 
microtubule  heterogeneity  in,  5 
tubulin  and  microtubule-associated  proteins 
in,  cytotypic  variation  of,  199-217 
tubulin  heterogeneity  in,  axonal  transport 
and,  200-206 

tubulin  variation  within,  200-206 
variations  in  microtubule-associated  pro¬ 
teins  of,  206-12 
Nocodazole 

erythrophores  treated  with,  896-98 
microtubule  assembly  inhibition  and,  727 
Noetia  ponderosa,  444 

Non-axonemal  dynein-like  translocators,  277- 
78 

Nonneuronal  cells,  microheterogeneity  in, 
180-98 

Nonneuronal  tissues,  heterogeneity  in,  121-25 

Notothenia  coriiceps,  436 

Nucleation 

heterogeneous,  560-61 
kinetic  analysis  in,  556-62 
of  microtubule  assembly,  552-65 
of  microtubules,  effect  of  calcium  and  cal¬ 
modulin  on,  401-4 

model  for  specific  two-dimensional  as¬ 
sembly  in,  558-60 

reaction  time  versus  concentration  in,  556 
simple  homogeneous,  558 
thermodynamic  principles  and,  554-56 
Nucleophilicity,  enhanced,  for  lysines,  475 
Nucleotides 

alpha  tubulin  and  beta  tubulin,  amino  acid 
sequences  compared  with,  21-22 
dideoxyguanosine,  microtubule  assembly 
and, 635-38 

exchangeable,  binding  site  of,  482-95 
microtubule  assembly  and,  in  vivo  conse¬ 
quences  of,  351-54 

tritium-guanine,  flux  mechanism  and,  694- 
96 

Octylglucoside,  626 
Oligomers 

GTP/guanosine  diphosphate  occupancy  of, 
340-56 


participation  in  microtubule  growth  of,  549- 
50 

tubulin,  evidence  for,  631-34 
twofold  role  in  microtubule  assembly  of, 
650 

Oocytes,  mouse,  microtubules  in,  945-48 
Organelles 

microtubule,  associated  proteins  and  forma¬ 
tion  of,  324-26 

movement  of,  microtubules  and  mechanism 
of,  909-18 

streaming  of,  cytomatrix  and,  906 
Oryzalin 

effects  on  Xenopus  of,  779 
as  inhibitor  of  higher  plant  microtubules, 
780-81 

microtubules  affected  by,  772-75 

P agothenia  borchgrevinki,  436 
Pancreas,  endocrine,  microtubule-secretory 
granule  complexes  isolated  from, 
813-31 

Papain  cleavage,  of  MAP-2, 146-47 
Peptide  mapping 

axonally  transported  tubulin  analyzed  us¬ 
ing,  201 

of  microtubule-associated  protein  polypep¬ 
tides,  137 

one-dimensional,  cytoplasmic  and  flagellar 
dynein  compared  by,  447-48 
tubulin,  1 1 

Peptide  patterns,  of  microtubule-associated 
proteins,  182 

Pericentriolar  osmiophilic  material,  863-65 
Peripheral  nerves,  distribution  of  microtubule- 
associated  proteins  in,  189-91 
Phosphatase  treatment,  immunoreactivity 
abolished  by,  microtubule-associated 
proteins  and,  142 

Phosphatidyl-inositol  destabilization,  of  micro¬ 
tubules  in  vitro.524-n 
Phosphoglycoprotein,  741 
Phosphorylation 

actin  filament  interaction  regulated  by, 
803-12 

electrophoretic  ability  affected  by,  185 
MAP-2,  342-43 
linear  condensation  and,  350-51 
neurofilament  protein,  by  CaM  kinase  II, 
367 

Photoaffinity  labeling,  advantages  of,  482-83 
Photobleaching,  of  tubulin,  chemical  study  of, 
574-75 

Physarum  polycephalum,  8 
Plasma  membrane  blebs,  933-35 
Podophyllotoxin 

cysteine  cross-linkage  in  presence  of,  10-11 
microtubule  assembly  inhibition  and,  726 
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Poikilotherms,  “cold  stable”  microtubules 
from  presumptive  microtubule-asso¬ 
ciated  proteins  and,  436-39 
Polyacrylamide  gel  electrophoretic,  axonally 
transported  tubulin  analyzed  using, 
201 

Polymer  alignment  of  egg  tubulin  during 
assembly,  S36 

Polymer  mass  of  egg  tubulin,  changes  during 
assembly  of,  535 
Polymerization 

equilibrium  in,  mitosis  and,  385 
extended  model  for,  in  presence  of  GTP, 
507-8 

GTP  and  GDP  interplay  in,  500 
GTP  hydrolysis  involvement  in,  496-509 
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associated  proteins  of,  394 
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tubulin 
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tubulozolc  effects  on,  758-59 
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islet  microtubule  associated,  823-25 
isotype  composition  of,  51 
membrane  skeletal,  association  of  microtu¬ 
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^(ate  constants,  determination  of,  106-8 

Rats 

fibroblasts  of,  microinjection  of  tau  protein 
into,  261 

genomes  of,  tubulin  copies  in,  31 
optic  nerve  of,  tubulin  in,  201 
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Small-angle  light  scattering  studies,  of  egg 
tubulin,  530-31 

Sodium  dodecyl  sulfate  polyacrylamide  gel 
elctrophoresis,  221 

Solubility,  of  microtubule-associated  proteins, 
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Spindles,  endosperm,  microtubule  arrange¬ 
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Tau-tubulin  microtubules,  399 
Taxol 

action  and  resistance  mechanisms  of,  733- 
44 
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694-96 
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rated  microtubules,  222-27 
Ultraviolet  irradiation 
GTP  exchange  affected  by,  490-91 
tubulin  properties  affected  by,  48S  -88 
Urchins,  see  Sea  urchins 

V  ertebrates 

beta  tubulins  in,  amino  acid  comparisons  in, 
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brain  tubulin  in,  heterogeneity  in,  1 16-21 
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Vinblastine,  maytansine  interaction  with,  with 
tubulin,  7 1 8-32 

Vinca  alkaloids,  definition  of,  7 1 8 

W  egner  -Engel  model,  nucleation  kinetics 
and, 556-57 

White  matter,  isoelectric  focusing  of  tubulin 
from,  230-31 

White  matter  microtubule  protein,  prepara¬ 
tion  of,  221 

^^-ray  scattering,  microtubule  assembly  and 
disassembly  studied  by,  650-55 

Xanthophores,  carotenoid  droplet 
aggregate  in,  microtubules  in  formation  of, 
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Xenopus,  oryzalin  effects  on,  779 

Zygotes 

dynein-like  molecules  in,  337 
mouse,  microtubules  in,  945-48 
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